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DESCRIPTION 



SYSTEM, DEVICE, AND METHOD FORRADIO FREQUENCY OPTICAL TRANSMISSION 



TECHNICAL FIELD 
The present invention relates to a system, device, andmethod 
for radio frequency (RF) optical transmission, and more 
particularly to a subcarrier optical transmission system for 
transmitting a modulated RF signal (in particular, a signal in 
a millimeter-wave band) , a device (a control station) for use in 
the system, and an RF optical transmission method for use with 
the system. 



BACKGROUND ART 
In a system for performing radio communication using an RF 
signal in a microwave or millimeter-wave band, for example, it 
has been expected to transmit a signal between a control station 
and a base station using an optical transmission scheme which uses 
an optical fiber offering a wide transmission band and low 
transmission loss. It is expected that a frequency band for use 
in radio communication is shifted from the microwave band to the 
millimeter-wave band. Accordingly, there has been an increasing 
need of a radio communication system using an RF signal, 
particularly, in a millimeter -wave band. 

FIG. 23 is a schematic diagram showing a conventional radio 
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communication system using an RF signal. In FIG. 23, the 
conventional radio communication system includes a control station 

100 for transmitting an optical signal, n base stations 121 through 

■. 

12n (n^l, same below) for receiving the optical signal, thereby 
performing radio communication, and an optical fiber 130 for 
transferring the optical signal. The control station 100 
transmits an optical signal modulated with an RF signal in a 
microwave or millimeter -wave band, for example. The optical 
signal transmitted from the control station 100 propagates through 
the optical fiber 130 to each of the base stations 121 through 
12n, where a photoreceiver (not shown) performs optical-electrical 
conversion on the optical signal. A signal obtained by the 
optical- electrical conversion is transmitted to a receiver 
terminal device (not shown) as an RF signal in a microwave or 
millimeter -wave band, for example. 

However, in the case where, for example, 1.55 |xm light 
modulated with the RF signal propagates through a 1.31 ym 
zero-dispersion fiber, a signal power intensity of the 1.55 nm 
light is periodically attenuated at periodical transmission 
distances . This periodic attenuation of the signal power 
intensity occurs because upper and lower sideband components 
generated when the intensity of the optical signal is modulated 
with the RF signal are influenced by chromatic dispersion in the 
optical fiber. 

Specifically, in the case where the intensity of the optical 
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signal is modulated with the RF signal , the upper and lower sideband 
components generated in upper and lower frequency bands of an 
optical carrier wave are spaced from each other by a distance equal 
to twice the length of the f requency of the modulated optical signal . 
Accordingly, variation in phase caused when propagating through 
the optical fiber is considerably different between the upper and 
lower sideband components. Therefore, depending on the distance 
the modulated optical signal propagates, the upper and lower 
sideband components can be 180° out of phase with each other. If 
the photoreceiver performs optical-electrical conversion on the 
modulated optical signal in which the upper and lower sideband 
components are 180° out of phase with each other, a beat component 
produced by the optical carrier wave and the upper sideband and 
a beat component produced by the optical carrier wave and the lower 
sideband cancel out each other, resulting in loss of the modulated 
optical signal subjected to the optical -electrical conversion. 

FIG. 24 is a graph showing an exemplary relationship between 
transmission distances and power of received transmission signals . 
As is apparent from FIG. 24 , the modulated optical signal subjected 
to the optical-electrical conversion is lost at periodical 
transmission distances . As the frequency of the modulated optical 
signal becomes higher, the periodical transmission distances 
become narrower . In optical transmission , in the case of 
transmitting a modulated signal, particularly a millimeter-wave 
signal, the signal might be lost at periodical transmission 
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distances . 

In order to prevent the above problem, optical 
single- sideband (SSB) modulation is considered to be used for 
reducing the influence of chromatic dispersion , thereby prevent ing 
5 a modulated signal subjected to optical-electrical conversion from 
being lost . This technique is described in detail in , for example , 
Graham H . Smith et al. , "Overcoming Chromatic Dispersion Effects 
in Fiber-Wireless Systems Incorporating External Modulators", 
IEEE Transactions on Microwave Theory and Techniques, Vol. 45, 

10 No. 8, pp. 1410-1415, August, 1997. 

FIG. 25 is a block diagram showing the structure of a 
conventional optical transmitter 110 described in the 
above-mentioned publication. The optical transmitter 110 
corresponds to the control station 100 shown in FIG. 23. 

15 In FIG. 25, the optical transmitter 110 includes a DFB laser 

111, an isolator 112, a polarization controller 113, a signal 
generator 114, an amplifier 115, a distributor 116 , a phase adjuster 
117, and a Mach-Zehnder optical intensity modulator 118. 

The DFB laser 111 is operable to output an optical signal 

20 as a carrier wave . The optical signal outputted from the DFB laser 
111 is inputted into the Mach-Zehnder optical intensity modulator 
118 via the isolator 112 and the polarization controller 113 . The 
isolator 112 is operable to prevent light reflected by the 
polarization controller 113-from returning to the DFB laser 111. 

25 The isolator 112 is typically included in the DFB laser 111. The 
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polarization controller 113 is operable to control output light 
so as to have a predetermined polarization plane. The signal 
generator 114 is operable to output an RF optical transmission 
signal. The RF optical transmission signal is amplified to a 
5 predetermined level by the amplifier 115 , and is divided into two 
signals by the distributor 116 . One of the two signals is inputted 
into the Mach-Zehnder optical intensity modulator 118 without being 
processed, while the other signal is phase-shifted by 90° by the 
phase adjuster 117, and thereafter inputted into the Mach-Zehnder 
10 optical intensity modulator 118. 

By modulating the intensity of the optical signal inputted 

■ 

into the Mach-Zehnder optical intensity modulator 118 with the 
RF signal phase-shifted by 90°, it is made possible to obtain an 
optical signal containing only an optical carrier wave and 

15 single -sideband components. In this manner, the SSB modulation 
is carried out using a signal phase- shifted by 90° , i.e. , a signal 
having a phase advanced or delayed by 90°. 

In the case where an RF signal containing only a carrier 
wave and s ingle - s ideband component s as de s cr ibed above is modulated 

20 and subjected to optical- electrical conversion, upper and lower 
sidebands, which are 180° out of phase with each other, are not 
generated. Accordingly, the modulated RF signal after the 
optical-electrical conversion is not lost even if it is transmitted 
a long distance via an optical fiber. Therefore, in optical 

25 transmission using the SSB modulation, it is possible to prevent 
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the modulated RF signal from being lost due to the influence of 
chromatic dispersion. 

In the above -described conventional transmission technique , 
however, it is necessary to divide an RP signal into two signals 
and perform a phase adjustment on one of the two signals such that 
the phase of the signal is advanced or delayed by 90°. Moreover, 
considerably high adjustment accuracy is required for the phase 
adjustment since the wavelength of an RF signal, particularly a 
millimeter -wave signal, is considerably short. 

Therefore, the present invention aims to provide an RF 
optical transmission system having a simple structure while 
allowing a signal to be prevented from being lost due to the influence 
of chromatic dispersion without requiring considerably high 
adjustment accuracy. The present invention also aims to provide 
a device for use in the system and a method for use with the system. 

DISCLOSURE OF THE INVENTION 

To achieve the above objects, the present invention has the 
following aspects . 

A first aspect of the present invention is directed to a 
radio frequency optical transmission system for optically 
transmitting a radio frequency signal. The radio frequency 
optical transmission system includes: a control station for 
generating two phase-conjugated optical signals having their 
intensities modulated with the radio frequency signal, and 
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transmitting the generated two phase- conjugated optical signals 
in a predetermined transmission form via an optical transmission 
path; and at least one base station for receiving the two 
phase-conjugated optical signals transmitted in the predetermined 
5 transmission form from the control station via the optical 
transmission path, and selectively processing one of the received 
two phase-conjugated optical signals which has a greater signal 
power intensity. 

Typically, the control station includes: a light source for 

10 outputting an optical signal; and an optical intensity modulation 
section for modulating an intensity of the optical signal outputted 
from the light source with the radio frequency signal, and for 
generating two phase-conjugated optical signals based on the 
optical signal having its intensity modulated, and transmitting 

15 the generated two phase-conjugated optical signals via the optical 
transmission path. 

Typically, the base station for use with the control station 
includes: an input switching section for receiving the two 
phase-con jugated optical signals via the optical transmission path, 

20 and selectively outputting a predetermined one of the received 
two phase -conjugated optical signals in accordance with a 
transmission distance to the control station; and a light reception 
section for converting the predetermined optical signal 
selectively outputted from the input switchingr section into a radio 

25 freguency signal. 
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Alternatively, the base station may include: a first light 
reception section for receiving one of the two phase-conjugated 
optical signals via the optical transmission path, and converting 
the received optical signal into a radio frequency signal; a second 
light reception section for receiving another one of the two 
phase-conjugated optical signals via the optical transmission path , 
and converting the received optical signal into a radio frequency 
signal; and an input switching section for receiving the radio 
frequency signals respectively outputted from the first and second 
light reception sections, and selectively outputting a 

predetermined one of the received radio frequency signal in 

■ 

accordance with a transmission distance to the control station • 
Alternatively still, the base station may include: a first 
light reception section for receiving one of the two 
phase -conjugated optical signals via the optical transmission path, 
and converting the received optical signal into a radio frequency 
signal; a second light reception section for receiving another 
one of the two phase-conjugated optical signals via the optical 
transmission path, and converting the received optical signal into 
a radio frequency signal; an input switching section for receiving 
the radio frequency signals respectively outputted from the first 
and second light reception sections , and selectively outputting 
one of the received radio frequency signals; a level comparison 
section for receiving the radio frequency signals respectively 
outputted from the first and second light reception sections, and 

8 
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comparing the radio frequency signals with respect to a signal 
power intensity; and a control section for controlling, based on 
a comparison result obtained from the level comparison section, 
the input switching section so as to select one of the radio frequency 
5 signals which has a greater signal power intensity. 

Alternatively still, the base station may include: an input 
switching section for receiving the two phase -conjugated optical 
signals via the optical transmission path, and selectively 
outputting one of the received two phase-conjugated optical 

10 signals; a light reception section for converting the optical 
signal selectively outputted from the input switching section into 
a radio frequency signal; a level comparison section for receiving 
the radio frequency signal outputted from the light reception 
section, and comparing the received radio frequency signal and 

15 a previously received radio frequency signal with respect to a 
signal power intensity; and a control section for controlling, 
based on a comparison result obtained from the level comparison 
section, the input switching section such that the light reception 
section always receives a radio frequency signal having a greater 

20 signal power intensity. 

Further, the control station may include: a first light 
source for outputting an optical signal having a wavelength of 
kl ; a second light source for outputting an optical signal having 
a wavelength of X2 different from the wavelength of XI; a first 

25 optical multiplexing section for multiplexing the optical signal 
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having the wavelength of XI and the optical signal having the 
wavelength of X2 into a first multiplexed optical signal ; an optical 
intensity modulation section for modulating an intensity of the 
first multiplexed optical signal output ted from the first optical 
5 multiplexing section with the radio frequency signal, and for 
generating two phase-conjugated optical signals based on the first 
multiplexed optical signal having its intensity modulated; a first 
wavelength demultiplexing section for separating only the optical 
signal having the wavelength of Xl from one of the two 
10 phase-conjugated optical signals generated by the optical 
intensity modulation section; a second wavelength demultiplexing 

t 

i 

section for separating only the optical signal having the 
wavelength of X2 from another one of the two phase-conjugated 
optical signals generated by the optical intensity modulation 

15 section; and a second optical multiplexing section for multiplexing 
the optical signal having the wavelength of Xl separated by the 
first wavelength demultiplexing section and the optical signal 
having the wavelength of X2 separated by the second wavelength 
demultiplexing section into a second multiplexed optical signal, 

20 and for transmitting the second multiplexed optical signal via 
the optical transmission path. 

Typically, the base station for use with the above control 
station includes: a wavelength demultiplexing section for 
receiving the second multiplexed optical signal via the optical 

25 transmission path, and demultiplexing the second multiplexed 
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optical signal into the optical signal having the wavelength of 
XI and the optical signal having the wavelength of X2; an input 
switching section for receiving the optical signal having the 
wavelength of Xl and the optical signal having the wavelength of 
X2 , and selectively outputting a predetermined one of the optical 
signal having the wavelength of Xl and the optical signal having 
the wavelength of X2 in accordance with a transmission distance 
to the control station ; and a light reception section for converting 
the predetermined optical signal selectively output ted from the 
input switching section into a radio frequency signal. 

Alternatively, the base station may include: a wavelength 
demultiplexing section for receiving the second multiplexed 
optical signal via the optical transmission path, and 
demultiplexing the second multiplexed optical signal into the 
optical signal having the wavelength of Xl and the optical signal 
having the wavelength of X2; a first light reception section for 
receiving one of the optical signal having the wavelength of Xl 
and the optical signal having the wavelength of X2, and converting 
the received optical signal into a radio frequency signal ; a second 
light reception section for receiving another one of the optical 
signal having the wavelength of Xl and the optical signal having 
the wavelength of X2, and converting the received optical signal 
into a radio frequency signal; and an input switching section for 
receiving the radio frequency signals respectively outputted from 
the first and second light reception sections, and selectively 

11 



WO 2004/112285 



PCT/JP2004/008473 



outputting a predetermined one of the received radio frequency 
signals in accordance with a transmission distance to the control 
section . 

Alternatively still, the base station may include: a 
wavelength demultiplexing section for receiving the second 
multiplexed optical signal via the optical transmission path, and 
demultiplexing the second multiplexed optical signal into the 
optical signal having the wavelength of XI and the optical signal 
having the wavelength of X2 ; a first light reception section for 
receiving one of the optical signal having the wavelength of Xl 

and the optical signal having the wavelength of X2 , and converting 

» 

the received optical signal into a radio frequency signal; a second 
light reception section for receiving another one of the optical 
signal having the wavelength of Xl and the optical signal having 
the wavelength of X2, and converting the received optical signal 
into a radio frequency signal; an input switching section for 
receiving the radio frequency signals respectively outputted from 
the first and second light reception sections, and selectively 
outputting one of the received radio frequency signals; a level 
comparison section for receiving the radio frequency signals 
respectively outputted from the first and second light reception 
sections , and comparing the received radio frequency signals with 
respect to a signal power intensity; and a control section for 
controlling, based on a comparison result obtained from the level 
comparison section, the input switching section so as to select 

^ 12 
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one of the received radio frequency signals which has a greater 
signal power intensity. 

Alternatively still, the base station may include: a 
wavelength demultiplexing section for receiving the second 
multiplexed optical signal via the optical transmission path, and 
demultiplexing the second multiplexed optical signal into the 
optical signal having the wavelength of Xl and the optical signal 
having the wavelength of X2; an input switching section for 
receiving the optical signal having the wavelength of XI and the 
optical signal having the wavelength of k2, and selectively 
outputting one of the received optical signals ; a light reception 
section for converting the optical signal outputted from the input 
switching section into a radio frequency signal ; a level comparison 
section for receiving the radio frequency signal outputted from 
the light reception section, and comparing the received radio 
frequency signal and a previously received radio frequency signal 
with respect to a signal power intensity; and a control section 
for controlling, based on a comparison result obtained from the 
level comparison section, the input switching section such that 
the light reception section always receives a radio frequency 
signal having a greater signal power intensity. 

Furthermore , the control station may include : a light source 
for outputting an optical signal; an optical intensity modulation 
section for modulating an intensity of the optical signal outputted 
from the light source with the radio frequency signal, and 
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generating two phase -conjugated optical signals based on the 
optical signal having its intensity modulated; a first polarized 
wave adjustment section for adjusting a polarized wave of one of 
the two phase-conjugated optical signals generated by the optical 
intensity modulation section; a second polarized wave adjustment 
section for adjusting a polarized wave of another one of the two 
phase-conjugated optical signals generated by the optical 
intensity modulation section, so as to be perpendicular to the 
polarized wave of the optical signal which has been adjusted by 
the first polarized wave adjustment section; and a polarized wave 
combining section for combining the optical signals having their 

■ 

polarized waves respectively adjusted by the first and second 
polarized wave adjustment sections into a combined optical signal , 
such that their polarized waves are kept perpendicular to each 
other, the polarized wave combining section transmitting the 
combined optical signal via the optical transmission path. 

Typically, the base station for use with the above control 
station includes : apolarizedwave separation section for receiving 
the combined optical signal via the optical transmission path, 
and separating the received combined optical signal into two 
optical signals having their polarized waves perpendicular to each 
other; an input switching section for receiving the two optical 
signals obtained through separation by the polarized wave 
separation section, and selectively outputting a predetermined 
one of the received two optical signals in accordance with a 
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transmission distance to the control section; and a light reception 
section for converting the optical signal selectively outputted 
from the input switching section into a radio frequency signal. 

Alternatively, the base station may include: a polarized 
wave separation section for receiving the combined optical signal 
via the optical transmission path, and separating the received 
combined optical signal into two optical signals having their 
polarized waves perpendicular to each other; a first light 
reception section for receiving one of the two optical signals 
having their polarized waves perpendicular to each other, and 
converting the received optical signal into a radio frequency 
signal; a second light reception section for receiving another 
one of the two optical signals having their polarized waves 
perpendicular to each other, and converting the received optical 
signal into a radio frequency signal ; and an input switching section 
for receiving the radio frequency signals respectively outputted 
from the first and second light reception sections , and selectively 
output ting a predetermined one of the received radio frequency 
signals in accordance with a transmission distance to the control 
station. 

Alternatively still, the base station may include: a 
polarized wave separation section for receiving the combined 
optical signal via the optical transmission path, and separating 
the received combined optical signal into two optical signals 
having their polarized waves perpendicular to each other; a first 
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light reception section for receiving one of the two optical signals 
having their polarized waves perpendicular to each other, and 
converting the received optical signal into a radio frequency 
signal; a second light reception section for receiving another 
one of the two optical signals having their polarized waves 
perpendicular to each other, and converting the received optical 
signal into a radio frequency signal; an input switching section 
for receiving the radio frequency signals respectively outputted 
from the first and second light reception sections , and selectively 
outputting one of the received radio frequency signals; a level 
comparison section for receiving the radio frequency signals 

4 

respectively outputted from the first and second light reception 
sections, and comparing the received radio frequency signals with 
respect to a signal power intensity; and a control section for 
controlling, based on a comparison result obtained from the level 
comparison section, the input switching section so as to select 
one of the received radio frequency signals which has a greater 
signal power intensity. 

Alternatively still, the base station may include: a 
polarized wave separation section for receiving the combined 
optical signal via the optical transmission path, and separating 
the received optical signal into two optical signals having their 
polarized waves perpendicular to each other; an input switching 
section for receiving the two optical signals into which the 
received combined optical signal has been separated by the 

16 
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polarized wave separation section, and selectively outputting one 
of the received two optical signals; a light reception section 
for converting the optical signal selectively outputted from the 
input switching section into a radio frequency signal; a level 
comparison section for receiving the radio frequency signal from 
the light reception section, and comparing the received radio 
frequency signal and a previously received radio frequency signal 
with respect to a signal power intensity; and a control section 
for controlling, based on a comparison result obtained from the 
level comparison section, the input switching section such that 
the light reception section always receives a radio frequency 
signal having a greater signal power intensity. 

It is preferred that the optical intensity modulation section 
includes a Mach-Zehnder interferometer . It is also preferred that 
the optical intensity modulation section is made of a crystal having 
an electrooptic effect. The crystal having the electrooptic 
effect may be lithium niobate. If the optical transmission path 
is an optical fiber, it is preferred that a zero-dispersion 
wavelength range of the optical fiber is different from a wavelength 
range of the light source. In this case, preferably, the 
zero-dispersion wavelength range of the optical fiber may be a 
1.3 |xm range, and the wavelength range of the light source may 
be a 1.55 jum range. 

A second aspect of the present invention is directed to a 
method for optically transmitting a radio frequency signal from 



WO 2004/1 12285 PCT/JP2004/008473 

* 

a control station to at least one base station . The method includes 
the steps of : modulating an intensity of a predetermined optical 
signal with the radio frequency signal; generating two 
phase-conjugated optical signals based on the optical signal having 
its intensity modulated; transmitting the generated two 
phase-conjugated optical signals in a predetermined transmission 
form via an optical transmission path; receiving the two optical 
phase-conjugated signals transmitted in the predetermined 
transmission form via the optical transmission path; selecting 
one of the received two phase-conjugated optical signals which 

has a greater signal power intensity; and converting the selected 

< 

optical signal into the radio frequency signal. 

As described above, in the present invention, two 
phase-conjugated signals are transmitted from the control station 
to the base station. The base station receives one of the two 
phase-con j ugated signals which is predetermined based on a distance 
from the control station or determined by comparing the two 
phase -conjugated signals with respect to a signal power intensity 
level. Thus, the base station is able to readily receive a radio 
frequency signal having a greater power intensity without requiring 
considerably high adjustment accuracy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram schematically showing an exemplary 
structure of radio frequency optical transmission systems 
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according to first through fourth embodiments of the present 
invention; 

FIG. 2 is a block diagram showing an exemplary structure 
of an optical transmission section as described in the first through 
5 fourth embodiments; 

FIG. 3 is a block diagram illustrating a structure of a base 
station described in the first embodiment; 

FIG. 4 is a diagram showing bias voltage dependence of an 
intensity of optical signals outputted from an optical intensity 
10 modulation section included in an optical transmission section 
of a radio frequency optical transmission system of the present 
invention; 

FIG. 5 is a diagram showing bias voltage dependence of an 
intensity of an optical signal outputted from an optical intensity 
15 modulation section included in a conventional optical transmission 
section; 

FIG. 6 shows transmission distance dependence of a power 
intensity of a radio frequency signal in a conventional radio 
frequency optical transmission system; 
20 FIG. 7 shows transmission distance dependence of a power 

intensity of a radio frequency signal in the radio frequency optical 
transmission system of the present invention; 

FIG. 8 is a block diagram showing a structure of abase station 
described in the second embodiment; 

25 FIG. 9 is a block diagram showing a structure of a base station 
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described in the third embodiment; 

FIG. 10 is a block diagram showing a structure of a base 
station described in the fourth embodiment; 

FIG. 11 is a diagram schematically showing an exemplary 
5 structure of radio frequency optical transmission systems 
according to fifth through eighth embodiments of the present 
invention; 

FIG. 12 is a block diagram showing an exemplary structure 
of an optical transmission section as described in the fifth through 
10 eighth embodiments; 

FIG. 13 is a block diagram showing a structure of a base 
station described in the fifth embodiment; 

FIG. 14 is a block diagram showing a structure of a base 
station described in the sixth embodiment; 
15 FIG. 15 is a block diagram showing a structure of a base 

station described in the seventh embodiment; 

FIG. 16 is a block diagram showing a structure of a base 
station described in the eighth embodiment; 

FIG. 17 is a diagram schematically showing an exemplary 
20 structure of radio frequency optical transmission systems 
according to ninth through twelfth embodiments of the present 
invention; 

FIG. 18 is a block diagram showing an exemplary structure 
of an optical transmission section as described in the ninth through 
2 5 t welf th embodiment s ; 

20 
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FIG. 19 is a block diagram showing a structure of a base 
station described in the ninth embodiment; 

FIG, 20 is a block diagram showing a structure of a base 
station described in the tenth embodiment; 
5 FIG. 21 is a block diagram showing a structure of a base 

station described in the eleventh embodiment; 

FIG. 22 is a block diagram showing a structure of a base 
station described in the twelfth embodiment; 

FIG. 23 is a schematic diagram showing a conventional radio 
10 communication system using a radio frequency signal; 

FIG. 24 is a graph showing an exemplary relationship between 

» 

transmission distances and power of received transmission signals; 
and 

FIG. 25 is a block diagram showing an exemplary structure 
15 of a conventional optical transmitter. 

BEST MODE FOR CARRYING OUT THE INVENTION 
(First Embodiment) 

FIG. 1 is a diagram schematically showing a radio frequency 
20 optical transmission system according to a first embodiment of 
the present invention. In the radio frequency optical 
transmission system according to the first embodiment shown in 
FIG. 1, a control station 10 is connected to n base stations 21-2n 
by an optical transmission path which includes, for example, two 
25 optical fibers 31 and 32. FIG. 2 is a block diagram showing a 
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structure of an optical transmission section 11 provided in the 
control station 10. In FIG. 2, the optical transmission section 
11 includes a light source 12, a drive section 13 , an optical 
intensity modulation section 14, a DC control section 15, and an 
5 amplification section 16. FIG. 3 is a block diagram illustrating 
a structure of the base station 21. In FIG. 3, the base station 
21 includes an input switching section 211, a light reception 
section 212, an amplification section 213, and an antenna 214. 
Other base stations 22 through 2n are configured in a manner similar 
10 to the base station 21, and therefore only the base station 21 
is described in detail below. 

w * 

Firstly, an operation of the radio frequency optical 
transmission system according to the first embodiment is described . 

In the optical transmission section 11, the light source 

15 12 is controlled by the drive section 13 so as to output a prescribed 
optical signal. The amplification section 16 amplifies an 
externally- inputted radio frequency (RF) transmission signal to 
a desired level. The DC control section 15 controls a direct 
current bias voltage to be supplied to the optical intensity 

20 modulation section 14. The optical intensity modulation section 
14 initially modulates the intensity of an optical signal output ted 
from the light source 12 with the RF transmission signal amplified 
by the amplification section 16. Then, the optical intensity 
modulation section 14 divides the optical signal, which has its 

25 intensity modulated, into two optical signals. The optical 
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intensity modulation section 14 outputs one of the two optical 
signals to a port A (or a port B) without processing it, and the 
other optical signal is inverted and outputted to the port B (or 
the port A) . Consequently, two optical signals, which are phase 
5 conjugated with respect to each other (i.e., 180° out of phase 
with each other) , are outputted from the ports A and B. FIG, 4 
is a diagram showing an exemplary bias voltage -intensity 
characteristic (i.e. , bias voltage dependence) of optical signals 
outputted from the ports A and B of the optical intensity modulation 
10 section 14. The two optical signals outputted from the ports A 
and B of the optical intensity modulation section 14 are 

« 

respectively transmitted through the optical fibers 31 and 32 to 
each of the base stations 21 through 2n. 

In the base station 21, each of the two optical signals 

15 transmitted from the control station 10 through the optical fibers 
31 and 32 is inputted into a corresponding one of two input terminals 
of the input switching section 211. The input switching section 
211 is an optical switch having two input terminals and one output 
terminal, for example, and selectively outputs one of the two 

20 optical signals inputted into the input terminals thereof, based 
on a distance between the control station 10 and the base station 
21. The light reception section 212 receives the optical signal 
selectively outputted from the input switching section 211, and 
converts the received optical signal into a radio frequency signal . 

25 The amplification section 213 amplifies the radio frequency signal 
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obtained by the light reception section 212 to a desired level. 
The amplified radio frequency signal is radiated into space from 
the antenna 214. 

Described next is an effect achieved by the radio frequency 
optical transmission system of the present invention in comparison 
to an effect achieved by a conventional system. FIG. 5 is a diagram 
showing an exemplary bias voltage-intensity characteristic of an 
optical signal outputted from the conventional system having one 
output port. Expressions (1) and (2) shown below respectively 
represent reception signals Pa and Pb obtained after optical 
signals having their intensities modulated with a radio frequency 
signal when bias voltages cure set at Va and Vb shown in FIG. 5 
are transmitted through optical fibers. 

Pa = 1 + 2^/l + Jl (k)j { (k)cos(af { 2 -h 0) co$(2zf } t + 2c^ ) 

... ( 1 ) 

Pb = 1 + 2^1 + Ji(k)J t (^)cos(^; 2 - 0) cos(2^/ + 2cgf } ) 



In the above expressions (1) and (2), k=jtVd/2V3t, Vjc is a 
half wave voltage of the optical intensity modulation section, 
and Vd is a radio frequency signal voltage. 

FIG. 6 shows transmission distance dependence obtained based 
on the above expressions (1) and (2) with respect to power 
intensities of radio frequency signals in the case of transmitting 
optical signals through 1.3 \ua zero-dispersion optical fibers. 
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In FIG. 6, it ±s assumed that the radio frequency signals each 
have a frequency of 40 GHz , and an optical received power is kept 
constant regardless of the transmission distance. Power 
intensities of the radio frequency signals are normalized with 
5 a power intensity obtained when the transmission distance is zero . 
As is appreciated from FIG. 6, the power intensities of the radio 
frequency signals after transmission show characteristics such 
that the radio frequency signal with each bias voltage is extremely 
attenuated at regular intervals. These two characteristics are 

10 contradictory to each other, and therefore by optimally selecting 
one of the bias voltages, it is possible to keep the normalized 
power intensity of the radio frequency signal so as to be equal 
to or more than 0 dB . 

In a radio communication system in which the control station 

15 and a base station are connected one-to-one, by changing a bias 
voltage to be set , it is made possible to obtain a radio frequency 
signal having a power intensity of 0 dB or more. However, in a 
radio communication system in which the control station and n base 
stations are connected one-to-n, transmission distances between 

20 the control station and the base stations are irregular and various . 
Accordingly, it can be considered that there is a considerable 
difficulty in setting a bias voltage such that all the base stations 
are able to obtain a radio frequency signal having a power intensity 
of 0 dB or more. 

25 In order to solve the above problem, the radio frequency 
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optical transmission system according to the first embodiment of 
the present invention includes the optical intensity modulation 
section 14 provided in the control station 10 and having a function 
of dividing an intensity modulated signal into two signals and 
a function of inverting the phase of the intensity modulated signal , 
as well as a function of modulating the intensity of an optical 
signal with an RF signal . The optical intensity modulation section 
14 outputs two optical signals, which are phase conjugated with 
respect to together. In each of the base stations 21-2n, the two 
phase-conjugated optical signals are simultaneously inputted, and 
the input switching section 211 selects one of the two 
phase -conjugated signals which is more suitable for the base 
station . 

It can be readily understood from FIGs. 4 and 5 that for 
example, in the case where the bias voltage is set at VI shown 
in FIG. 4 , an optical signal outputted from the port A is equivalent 

m 

to an optical signal obtained when the bias voltage is set at Va 
shown in FIG. 5, and similarly, an optical signal outputted from 
the port B is equivalent to an optical signal obtained when the 
bias signal is set at Vb shown in FIG. 5 . Accordingly, the optical 
signals obtained from both of the ports A and B are transmitted 
through their respective different optical fibers to each of the 
base stations 21-2n, and each of the base stations 21-2n suitably 
selects and receive the optical signal outputted from either the 
port A or B. For example, in FIG. 6, base stations, which are 
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located away from the control station by a transmission distance 
of between 0 km and 2 . 3 km or between 4 . 6 km and 6 . 9 km, selectively 
receive the optical signal from the port A, while base stations, 
which are located away from the control station at a transmission 
distance of between 2.3 km and 4.6 km or between 6.9 km and 9.2 
km, selectively receive the optical signal from the port B. 
Accordingly, as shown in FIG. 7, it is possible to obtain a signal 
having a radio frequency signal power intensity of 0 dB or more 
at any transmission distance. Therefore, in the case where the 
optical received power is constant, it is possible to obtain an 
RF signal having a power which is greater when it is transmitted 
than when the transmission distance is zero. 

As described above, in the radio frequency optical 
transmission system according to the first embodiment of the 
present invention, two phase -conjugated optical signals are 
transmitted from the control station. Each base station receives 
a predetermined one of the two phase -conjugated optical signals 
based on a transmission distance from the control station. 
Therefore, the base station is able to readily receive a radio 
frequency signal having a high power intensity without requiring 
considerably high adjustment accuracy. 
(Second Embodiment) 

In a second embodiment, the base stations 21 through 2n used 
in the radio frequency optical transmission system according to 
the first embodiment are structured in a manner different from 
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those shown In FIG. 3. FIG. 8 is a block diagram illustrating 
a structure of the base station 21 included in a radio frequency 
optical transmission system according to the second embodiment. 
In FIG. 8, the base station 21 includes a first light reception 
section 221, a second light reception section 222, an input 
switching section 223 , an amplification section 224 , and an antenna 
225. 

In the base station 21 , two optical signals transmitted from 
the control station 10 through the optical fibers 31 and 32 are 
inputted into the first and second light reception sections 221 
and 222, respectively. The first and second light reception 
sections 221 and 222 convert the inputted optical signals into 
radio frequency signals . The input switching section 223 receives 
each of the radio frequency signals obtained through conversion 
by the first and second light reception sections 221 and 222, and 
selectively outputs one of the radio frequency signals based on 
a distance between the control station 10 and the base station 
21. The amplification section 224 amplifies the radio frequency 
signal output ted from the input switching section 223 to a desired 
level . The amplified radio frequency signal is radiated into space 
from the antenna 225. 

Note that although the second embodiment has been described 
with respect to a case where one amplification section 224 is 
provided between the antenna 225 and the input switching section 
223, one or more amplification sections 224 can be provided both 

28 



WO 2004/1 1 2285 PCT/JP2004/008473 

between the first light reception section 221 and the input 
switching section 223 and between the second light reception 
section 222 and the input switching section 223. 
(Third Embodiment) 
5 In a third embodiment, the base stations 21 through 2n used 

in the radio frequency optical transmission system according to 
the first embodiment are structured in a manner different from 
those shown in FIGs . 3 and 8 . FIG . 9 is a block diagram illustrating 
a structure of the base station 21 included in a radio frequency 

10 optical transmission system according to the third embodiment. 

> 

In FIG. 9, the base station 21 includes a first light reception 
section 231, a second light reception section 232, a level 
comparison section 233, a control section 234, an input switching 
section 235, an amplif ication section 236, and an antenna 237. 

15 In the base station 21 , two optical signals transmitted from 

the control station 10 through the optical fibers 31 and 32 are 
inputted into the first and second light reception sections 231 
and 232, respectively. The first and second light reception 
sections 231 and 232 convert the inputted optical signals into 

20 radio frequency signals. The level comparison section 233 
compares the radio frequency signals obtained through conversion 
by the first and second light reception sections 231 and 232 with 
respect to their power intensities. The control section 234 
determines which one of the radio frequency signals has a greater 

25 power intensity based on a comparison result obtained by the level 
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comparison section 233. The control section 234 then controls 
the input switching section 235 so as to output the radio frequency 
signal having a greater power intensity to the amplification 
section 236. The input switching section 235 receives each of 
the radio frequency signals obtained through conversion by the 
first and second light reception sections 231 and 232, and 
selectively outputs one of the radio frequency signals in 
accordance with an instruction given by the control section 234. 
The amplif ication section 236 amplifies the radio frequency signal 
outputted from the input switching section 235 to a desired level. 
The amplified radio frequency signal is radiated into space from 
the antenna 237. 

In the above structure, the base station 21 is able to 
automatically select an optimum optical signal, i.e., a radio 
frequency signal having a high signal intensity. Note that 
although the third embodiment has been described with respect to 
a case where one amplification section 236 is provided between 
the input switching section 235 and the antenna 237, one or more 
amplification sections 236 can be provided both between the first 
light reception section 231 and the input switching section 235 
and between the second light reception section 232 and the input 
switching section 235. 

(Fourth Embodiment) 

In a fourth embodiment, the base stations 21 through 2n used 
in the radio frequency optical transmission system according to 
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the first embodiment are structured in a manner different from 
those shown in FIGs. 3, 8, and 9. FIG. 10 is a block diagram 
illustrating a structure of the base station 21 included in a radio 
frequency optical transmission system according to the fourth 
embodiment. In FIG. 10, the base station 21 includes an input 
switching section 241, a light reception section 242, a level 
comparison section 243, a control section 244, an amplification 
section 245, and an antenna 246. 

In the base station 21 , two optical signals transmitted from 
the control station 10 through the optical fibers 31 and 32 are 

inputted into the input switching section 241 . The input switching 

« 

section 241 selectively outputs one of the two optical signals 
in accordance with an instruction given by the control section 
244. Note that at the time when the base station is initially 
provided, an optical signal is selected in accordance with default 
settings. The light reception section 242 receives the optical 
signal selectively output ted from the input switching section 241 , 
and converts the received optical signal into a radio frequency 
signal. The level comparison section 243 detects a power intensity 
of the radio frequency signal obtained through conversion by the 
light reception section 242, and compares the detected power 
intensity with a reference value stored therein. As a result of 
comparison, if the detected power intensity is lower than the 
reference value, the level comparison section 243 instructs the 
control section 244 to switch the input switching section 241. 
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Note that if the detected power intensity is higher than the 
reference value, the level comparison section 243 gives no 
instruction . The control section 244 switches the input switching 
section 241 in accordance with the instruction given by the level 
comparison section 243. The amplification section 245 receives 
the radio frequency signal obtained through conversion by the light 
reception section 242, and amplifies the received radio frequency 
signal to a desired level. The amplified radio frequency signal 
is radiated into space from the antenna 246. 

In the above structure, the base station 21 is able to 
automatically select an optimum optical signal, i.e., a radio 
frequency signal having a high signal intensity. Note that 
although the fourth embodiment has been described with respect 
to a case where one amplification section 245 is provided between 
the light reception section 242 and the antenna 246, one or more 
amplification sections 245 can be provided both between the input 
switching section 241 and the light reception section 242 and 
between the light reception section 242 and the level comparison 

section 243. 

(Fifth Embodiment) 

FIG. 11 is a diagram schematically showing a radio frequency 
optical transmission system according to a fifth embodiment of 
the present invention. In the radio frequency optical 
transmission system according to the fifth embodiment shown in 
FIG. 11, a control station 40 is connected to n base stations 51-5n 
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by an optical transmission path which includes a single optical 
fiber 60. FIG. 12 is a block diagram showing a structure of an 
optical transmission section 41 provided in the control station 
40. In FIG. 12, the optical transmission section 41 includes a 

5 first light source 42a, a second light source 42b, a first drive 
section 43a, a second drive section 43b, an optical intensity 
modulation section 44, a DC control section 45, an amplification 
section 46, a wavelength multiplexing section 47. a first 
wavelength demultiplexing section 48a, a second wavelength 

10 demultiplexing section 48b, and an optical multiplexing section 
49. FIG. 13 is a block diagram illustrating a structure of the 

4 

base station 51. In FIG. 13, the base station 51 includes a 
wavelength demultiplexing section 511. an input switching section 
512, a light reception section 513, an amplification section 514, 
15 and an antenna 515. Other base stations 52 through 5n are 
configured in a manner similar to the base station 51 , and therefore 
only the base station 51 is described in detail below. 

In the optical transmission section 41, the first light 
source 42a is controlled by the first drive section 43a so as to 
20 output an optical signal having a wavelength of Xl, and the second 
light source 42b is controlled by the second drive section 43b 
so as to output an optical signal having a wavelength of X2 . The 
wavelength of Xl is different from the wavelength of X2 (Xl*X2). 
The wavelength multiplexing section 47 multiplexes the optical 
25 signal having the wavelength of Xl and the optical signal having 
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the wavelength of X2 together. The amplification section 46 
amplifies an externally- inputted radio frequency (RF) 
transmission signal to a desired level. The DC control section 
45 controls a direct current bias voltage to be supplied to the 
optical intensity modulation section 44. The optical intensity 
modulation section 44 initially modulates the intensity of a 
multiplexed optical signal outputted from the wavelength 
multiplexing section 47 with the RF transmission signal amplified 
by the amplification section 46. Then, the optical intensity 
modulation section 44 divides the optical signal , which has its 
intensity modulated, into two optical signals. The optical 
intensity modulation section 44 outputs one of the two optical 
signals to a port A (or a port B) without processing it, and the 
other optical signal is inverted and outputted to the port B (or 
the port A) . Consequently , two optical signals, which are phase 
conjugated with respect to each other (i.e., 180° out of phase 
with each other) , are outputted from the ports A and B. The first 
wavelength demultiplexing section 48a separates only the optical 
signal having the wavelength of kl from the optical signal outputted 
from the port A of the optical intensity modulation section 44, 
and outputs the optical signal having the wavelength of Xl. The 
second wavelength demultiplexing section 48b separates only the 
optical signal having the wavelength of X2 from the optical signal 
outputted from the port B of the optical intensity modulation 
section 44, and outputs the optical signal having the wavelength 
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of X2 . The optical multiplexing section 49 multiplexes the optical 
signal having the wavelength of Xl obtained by the first wavelength 
demultiplexing section 48a and the optical signal having the 
wavelength of X2 obtained by the second wavelength demultiplexing 
5 section 48b into a multiplexed optical signal, and outputs the 
multiplexed optical signal via the optical fiber 60- The 
multiplexed optical signal outputted from the optical multiplexing 
section 49 is transmitted through the optical fiber 60 to each 
of the base stations 51 through 5n. 
10 In the base station 51, the multiplexed optical signal 

transmitted from the control station 40 through the optical fiber 
60 is inputted into the wavelength demultiplexing section 511. 
The wavelength demultiplexing section 511 demultiplexes the 
received multiplexed optical signal into an optical signal having 
15 a wavelength of Xl and an optical signal having a wavelength of 
A.2, and inputs each of the optical signal having a wavelength of 
XI and the optical signal having a wavelength of X2 into a 
corresponding one of input terminals of the input switching section 
512. The input switching section 512 is an optical switch having 
20 two input terminals and one output terminal, for example, and 
selectively outputs one of the two optical signals inputted into 
the input terminals thereof , based on a distance between the control 
station 40 and the base station 51. The light reception section 
513 receives the optical signal selectively outputted from the 
25 input switching section 512, and converts the received optical 
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signal into a radio frequency signal. The amplification section 
514 amplifies the radio frequency signal obtained by the light 
reception section 513 to a desired level. The amplified radio 
frequency signal is radiated into space from the antenna 515. 
5 In order to solve the problem as described in the first 

embodiment, the radio frequency optical transmission system 
according to the fifth embodiment of the present invention includes 
the optical intensity modulation section 44 provided in the control 
station 40 and having a function of dividing an intensity modulated 
10 signal into two signals and a function of inverting the phase of 
the intensity modulated signal, as well as a function of modulating 

■ 

the intensity of an optical signal with a radio frequency signal . 
The optical intensity modulation section 44 outputs two 
phase- conjugated optical signals from two output ports . The fifth 

15 embodiment differs from the first embodiment in that a wavelength 
division multiplex scheme is used for reducing the number of optical 
fibers to one. As is apparent from the foregoing, also in the 
radio frequency optical transmission system according to the fifth 
embodiment, it is possible to obtain a signal having a radio 

20 frequency signal power intensity of 0 dB or more at any transmission 

distance (see FIG. 7). 

As described above, in the radio frequency optical 
transmission system according to the fifth embodiment of the 
present invention, two phase-conjugated optical signals having 
25 different wavelengths are generated. The wavelengths of the two 
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optical signals are multiplexed together to generate a multiplexed 
optical signal, and the generated multiplexed optical signal is 
transmitted from the control station. Each base station receives 
the multiplexed optical signal, and separates a predetermined one 
5 of the optical signals having different wavelengths from the 
received multiplexed optical signal based on a transmission 
distance from the control station. Therefore, the base station 
is able to readily receive a radio frequency signal having a high 
power intensity without requiring considerably high adjustment 
10 accuracy. 

(Sixth Embodiment) 

In a sixth embodiment, the base stations 51 through 5n used 
in the radio frequency optical transmission system according to 
the fifth embodiment are structured in a manner different from 
15 those shown in FIG. 13. FIG. 14 is a block diagram illustrating 
a structure of the base station 51 included in a radio frequency 
optical transmission system according to the sixth embodiment. 
In FIG. 14, the base station 51 includes a wavelength demultiplexing 
section 521, a first light reception section 522, a second light 

* 

20 reception section 523, an input switching section 524, an 
amplification section 525, and an antenna 526. 

In the base station 51, a multiplexed optical signal 
transmitted from the control station 40 through the optical fiber 
60 is inputted into the wavelength demultiplexing section 521. 

25 The wavelength demultiplexing section 521 demultiplexes the 
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received multiplexed optical signal into an optical signal having 
a wavelength of XI and an optical signal having a wavelength of 
X2 . and inputs the optical signal having a wavelength of Xl and 
the optical signal having a wavelength of X2 into the first and 
second light reception sections 522 and 523, respectively. The 
first and second light reception sections 522 and 523 convert the 
inputted optical signals into radio frequency signals . The input 
switching section 524 receives the radio frequency signals obtained 
through conversion by the first and second light reception sections 
522 and 523. and selectively outputs one of the received radio 
frequency signals based on a distance between the control station 
40 and the base station 51 - The amplification section 525 amplifies 
the radio frequency signal outputted from the input switching 
section 524 to a desired level. The amplified radio frequency 
signal is radiated into space from the antenna 526. 

Note that although the sixth embodiment has been described 
with respect to a case where one amplification section 525 is 
provided between the input switching section 524 and the antenna 
526, one or more amplification sections 525 can be provided both 
between the first light reception section 522 and the input 
switching section 524 and between the second light reception 
section 523 and the input switching section 524. 
(Seventh Embodiment) 

In a seventh embodiment, the base stations 51 through 5n 
used in the radio frequency optical transmission system according 
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to the fifth embodiment are structured in a manner different from 
those shown in FIGs . 13 and 14. FIG. 15 is a block diagram 
illustrating a structure of the base station 51 included in a radio 
frequency optical transmission system according to the seventh 
embodiment . In FIG. 15 , the base station 51 includes a wavelength 
demultiplexing section 531, a first light reception section 532, 
a second light reception section 533, a level comparison section 
534, a control section 535, an input switching section 536, an 
amplification section 537, and em antenna 538. 

In the base station 51, a multiplexed optical signal 
transmitted from the control station 40 through the optical fiber 

4 

60 is inputted into the wavelength demultiplexing section 531. 
The wavelength demultiplexing section 531 demultiplexes the 
received multiplexed optical signal into an optical signal having 
a wavelength of Xl and an optical signal having a wavelength of 
h2. and inputs the optical signal having a wavelength of Xl and 
the optical signal having a wavelength of X2 into the first and 
second light reception sections 532 and 533, respectively. The 
first and second light reception sections 532 and 533 convert the 
inputted optical signals into radio frequency signals . The level 
comparison section 534 compares the radio frequency signals 
obtained through conversion by the first and second light reception 
sections 532 and 533 with respect to their power intensities . The 
control section 535 determines which one of the radio frequency 
signals has a greater power intensity based on a comparison result 
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obtained by the level comparison section 534 . The control section 
535 then controls the input switching section 536 so as to output 
the radio frequency signal having a greater power intensity to 
the amplification section 537. The input switching section 536 

5 receives each of the radio frequency signals obtained through 
conversion by the first and second light reception sections 532 
and 533 . and selectively outputs one of the radio frequency signals 
in accordance with an instruction given by the control section 
535 . The amplification section 537 amplifies the radio frequency 

LO signal outputted from the input switching section 536 to a desired 
level . The amplified radio frequency signal is radiated into space 

« 

from the antenna 538. 

in the above structure, the base station 51 is able to 
automatically select an optimum optical signal, i.e., a radio 
15 frequency signal having a high signal intensity. Note that 
although the seventh embodiment has been described with respect 
to a case where one amplification section 537 is provided between 
the input switching section 536 and the antenna 538, one or more 
amplification sections 537 can be provided both between the first 
20 light reception section 532 and the input switching section 536 
and between the second light reception section 533 and the input 

switching section 536. 

(Eighth Embodiment) 

in an eighth embodiment, the base stations 51 through 5n 
25 used in the radio frequency optical transmission system according 
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to the fifth embodiment are structured in a manner different from 
those shown in FIGs . 13 through 15. FIG. 16 is a block diagram 
illustrating a structure of the base station 51 included in a radio 
frequency optical transmission system according to the eighth 
5 embodiment. In FIG. 16 , the base station 51 includes a wavelength 
demultiplexing section 541 , an input switching section 542 , a light 
reception section 543, a level comparison section 544, a control 
section 545, an amplification section 546 , and an antenna 547. 

In the base station 51, a multiplexed optical signal 
10 transmitted from the control station 40 through the optical fiber 

60 is inputted into the wavelength demultiplexing section 541. 

« 

The wavelength demultiplexing section 541 demultiplexes the 
received multiplexed optical signal into an optical signal having 
a wavelength of Xl and an optical signal having a wavelength of 

15 A.2, and inputs the optical signal having a wavelength of Xl and 
the optical signal having a wavelength of X2 into a corresponding 
one of input terminals of the input switching section 542. The 
input switching section 542 selectively outputs one of the optical 
signal having a wavelength of Xl and the optical signal having 

20 a wavelength of \2 in accordance with an instruction given by the 
control section 545. Note that at the time when the base station 
is initially provided, an optical signal is selected in accordance 
with default settings. The light reception section 543 receives 
the optical signal selectively outputted from the input switching 

25 section 542, and converts the received optical signal into a radio 
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frequency signal . The level comparison section 544 detects a power 
intens ity of the radio frequency signal obtained through conversion 
by the light reception section 543 , and compares the detected power 
intensity with a reference value stored therein. As a result of 
5 comparison, if the detected power intensity is lower than the 
reference value, the level comparison section 544 instructs the 
control section 545 to switch the input switching section 542. 
Note that if the detected power intensity is higher than the 
reference value, the level comparison section 544 gives no 
10 instruction . The control section 545 switches the input switching 
section 542 in accordance with the instruction given by the level 
comparison section 544. The amplification section 546 receives 
the radio frequency signal obtained through conversion by the light 
reception section 543 . and amplifies the received radio frequency 
15 signal to a desired level. The amplified radio frequency signal 
is radiated into space from the antenna 547 . 

in the above structure, the base station 51 is able to 
automatically select an optimum optical signal, i.e., a radio 
frequency signal having a high signal intensity. Note that 
20 although the eighth embodiment has been described with respect 
to a case where one amplification section 546 is provided between 
the light reception section 543 and the antenna 547, one or more 
amplification sections 546 can be provided both between the input 
switching section 542 and the light reception section 543 and 
25 between the light reception section 543 and the level comparison 
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section 544. 

(Ninth Embodiment) 

FIG. 17 is a diagram schematically showing a radio frequency 
optical transmission system according to a ninth embodiment of 
the present invention. In the radio frequency optical 
transmission system according to the ninth embodiment shown in 
FIG. 17, a control station 70 is connected to n base stations 81-8n 
by an optical transmission path which includes a single optical 
fiber 90. FIG. 18 is a block diagram showing a structure of an 
optical transmission section 71 provided in the control station 
70. In FIG. 18, the optical transmission section 71 includes a 
light source 72 , a drive section 73 , an optical intensity modulation 
section 74, a DC control section 75, an amplification section 76, 
a first polarized wave adjustment section 77a, a second polarized 
wave adjustment section 77b » and a polarized wave combining section 
78. FIG- 19 is a block diagram illustrating a structure of the 
base station 81. In FIG. 19, the base station 81 includes a 
polarized wave separation section 811, an input switching section 
812. a light reception section 813, an amplification section 814, 
and an antenna 815. Other base stations 82 through 8n are 
configured in a manner similar to the base station 81 , and therefore 
only the base station 81 is described in detail below. 

In the optical transmission section 71, the light source 
72 is controlled by the drive section 73 so as to output a 
predetermined optical signal. The amplification section 76 
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amplifies an externally- inputted radio frequency (RF) 
transmission signal to a desired level. The DC control section 
75 controls a direct current bias voltage to be supplied to the 
optical intensity modulation section 74. The optical intensity 
5 modulation section 74 initially modulates the intensity of an 
optical signal outputted from the light source 72 with the RF 
transmission signal amplified by the amplification section 76. 
Then, the optical intensity modulation section 74 divides the 
optical signal, which has its intensity modulated, into two optical 
L0 signals . The optical intensity modulation section 74 outputs one 
of the two optical signals to a port A (oraportB) without processing 
it. and the other optical signal is inverted and outputted to the 
port B (or the port A) . Consequently, two optical signals . which 
are phase conjugated with respect to each other (i.e. , 180° out 
15 of phase with each other) , are outputted from the ports A and B. 
The first polarized wave adjustment section 77a adjusts a polarized 
wave of the optical signal outputted from the port A of the optical 
intensity modulation section 74. The second polarized wave 
adjustment section 77b adjusts a polarized wave of the optical 
20 s ignal outputted from the port B of the optical intensity modulation 
section 74. In this case, the first and second polarized wave 
adjustment sections 77a and 77b adjust the polarized waves of the 
optical signals so as to be perpendicular to each other. The 
polarized wave combining section 78 combines the optical signals 
25 adjusted by the first and second polarized wave adjustment sections 
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77a and 77b into a combined optical signal. The polarized wave 
combining section 78 transmits the combined optical signal via 
the optical fiber 90 . The combined optical signal outputted from 

» 

the polarized wave combining section 78 is transmitted through 
5 the optical fiber 90 to each of the bases 81 through 8n. 

In the base station 81, the combined optical signal 

transmitted from the control station 70 through the optical fiber 

90 is inputted into the polarized wave separation section 811. 

The polarized wave separation section 811 separates the received 
10 combined optical signal containing perpendicular polarized waves 

into optical signals having different polarized waves . and inputs 

< 

each of the optical signals having different polarized waves into 
a corresponding one of input terminals of the input switching 
section 812 . The input switching section 812 is an optical switch 
15 having two input terminals and one output terminal, for example, 
and selectively outputs one of the two optical signals inputted 
into the input terminals thereof, based on a distance between the 
control station 70 and the base station 81. The light reception 
section 813 receives the optical signal selectively outputted from 
20 the input switching section 812 . and converts the received optical 
signal into a radio frequency signal. The amplification section 
814 amplifies the radio frequency signal obtained by the light 
reception section 813 to a desired level. The amplified radio 
frequency signal is radiated into space from the antenna 815. 
25 m order to solve the problem as described in the first 
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embodiment, the radio frequency optical transmission system 
according to the ninth embedment of the present invention includes 
the optical intensity modulation section 74 provided in the control 
station 70 and having a function of dividing an intensity modulated 
, signal into two signals and a function of inverting the phase of 
the intensity modulated signal . as well as a function of modulating 
the intensity of an optical signal with a radio frequency signal. 
The optical intensity modulation section 74 outputs two 
phase-conjugated optical signals from two output ports . The ninth 
1. embodiment differs from the first embodiment in that a polarization 
b eam combining scheme is used for reducing the number of optical 
fibers to one. As is apparent from the foregoing, also in the 
radio frequency optical transmission system according to the ninth 
embodiment, it is possible to obtain a signal having a radio 
15 frequency signal power intensity of 0 dB or more at any transmission 

distance ( see FIG . 7 ) . 

As described above, in the radio frequency optical 
transmission system according to the ninth embodiment of the 
present invention, two phase-conjugated optica! signals having 
20 different polarized waves are generated . The polarized waves of 
the two optical signals are adjusted and combined into a combined 
optical signal, and the generated combined optical signal is 
transmitted from the control station . Each base station receives 
the combined optical signal, and separates a predetermined one 
25 of the optical signals having different polarized waves from the 
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received combined optical signal based on a transmission distance 
from the control station. Therefore, the base station is able 
to readily receive a radio frequency signal having a high power 
intensity without requiring considerably high adjustment 
5 accuracy. 

(Tenth Embodiment) 

In a tenth embodiment, the base stations 81 through 8n used 
in the radio frequency optical transmission system according to 
the ninth embodiment are structured in a manner different from 

10 those shown in FIG. 19. FIG. 20 is a block diagram illustrating 
a structure of the base station 81 included in a radio frequency 
optical transmission system according to the tenth embodiment. 
In FIG . 20 , the base station 81 includes a polarized wave separation 
section 821, a first light reception section 822, a second light 

15 reception section 823, an input switching section 824, an 
amplification section 825, and an antenna 826. 

In the base station 81, a multiplexed optical signal 
transmitted from the control station 70 through the optical fiber 
90 is inputted into the polarized wave separation section 821. 

20 The polarized wave separation section 821 separates the received 
multiplexed optical signal containing perpendicular polarized 
waves into optical signals having different polarized waves, and 
inputs each of the optical signals into a corresponding one of 
the first and second light reception sections 822 and 823. The 

25 first light reception section 822 converts the inputted optical 
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signal into a radio frequency signal . Similarly, the second light 
reception section 823 converts the inputted optical signal into 
a radio frequency signal. The input switching section 824 
selectively outputs one of the radio frequency signals obtained 
5 through conversion by the first and second light reception sections 
822 and 823, based on a distance between the control station 70 
and the base station 81. The ampllf ication section 825 amplifies 
the radio frequency signal outputted from the input switching 
section 824 to a desired level. The amplified radio frequency 

10 signal is radiated into space from the antenna 826. 

Note that although the tenth embodiment has been described 
with respect to a case where one amplification section 825 is 
provided between the input switching section 824 and the antenna 
826, one or more amplification sections 825 can be provided both 

15 between the first light reception section 822 and the input 
switching section 824 and between the second light reception 
section 823 and the input switching section 824. 
(Eleventh Embodiment) 

In an eleventh embodiment, the base stations 81 through 8n 
20 used in the radio frequency optical transmission system according 
to the ninth embodiment are structured in a manner different from 
those shown in FIGs. 19 and 20. FIG. 21 is a block diagram 
illustrating a structure of the base station 81 included in a radio 
frequency optical transmission system according to the eleventh 
25 embodiment. In FIG. 21, the base station 81 includes a polarized 
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wave separation section 831, a first light reception section 832, 
a second light reception section 833, a level comparison section 
834, a control section 835, an input switching section 836, an 
amplification section 837, and an antenna 838. 

In the base station 81, a multiplexed optical signal 
transmitted from the control station 70 through the optical fiber 
90 is inputted into the polarized wave separation section 831. 
The polarized wave separation section 831 separates the received 
multiplexed optical signal containing perpendicular polarized 
waves into optical signals having different polarized waves , and 
inputs each of the optical signals into a corresponding one of 
the first and second light reception sections 832 and 833. The 
first light reception section 832 converts the inputted optical 
signal into a radio frequency signal . Similarly, the second light 
reception section 833 converts the inputted optical signal into 
a radio frequency signal. The level comparison section 834 
compares the radio frequency signals obtained through conversion 
by the first and second light reception sections 832 and 833 with 
respect to their power intensities. The control section 835 
determines which one of the radio frequency signals has a greater 
power intensity based on a comparison result obtained by the level 
comparison section 834. The control section 835 then controls 
the input switching section 836 so as to output the radio frequency 
signal having a greater power intensity to the amplification 
section 837. The input switching section 836 receives each of 
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the radio frequency signals obtained through conversion by the 
first and second light reception sections 832 and 833, and 
selectively outputs one of the radio frequency signals in 
accordance with an instruction given by the control section 835. 
5 The amplification section 837 amplifies the radio frequency signal 
outputted from the input switching section 836 to a desired level. 
The amplified radio frequency signal is radiated into space from 
the antenna 838. 

In the above structure, the base station 81 is able to 

10 automatically select an optimum optical signal, i.e. , a radio 
frequency signal having a high signal intensity. Note that 
although the eleventh embodiment has been described with respect 
to a case where one amplification section 837 is provided between 
the input switching section 836 and the antenna 838, one or more 

15 amplification sections 837 can be provided both between the first 
light reception section 832 and the input switching section 836 
and between the second light reception section 833 and the input 
switching section 836. 

(Twelfth Embodiment) 

20 In a twelfth embodiment, the base stations 81 through 8n 

used in the radio frequency optical transmission system according 
to the ninth embodiment are structured in a manner different from 
those shown in FIGs . 19 through 21. PIG. 22 is a block diagram 
illustrating a structure of the base station 81 included in a radio 

25 frequency optical transmission system according to the twelfth 
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embodiment. In FIG, 22 , the base station 81 includes a polarized 
wave separation section 841, an input switching section 842 , a 
light reception section 843 , a level comparison section 844, a 
control section 845, an amplification section 846, and an antenna 
5 847. 

In the base station 81, a multiplexed optical signal 
transmitted from the control station 70 through the optical fiber 
90 is inputted into the polarized wave separation section 841. 
The polarized wave separation section 841 separates the received 
10 multiplexed optical signal containing perpendicular polarized 

waves into optical signals having different polarized waves , and 

■ 

inputs each of the optical signals into a corresponding one of 
input terminals of the input switching section 842. The input 
switching section 842 selectively outputs one of the two optical 

15 signals having different polarized waves in accordance with an 
instruction given by the control section 845. Note that at the 
time when the base station is initially provided, an optical signal 
having a predetermined polarized wave is selected in accordance 
with default settings. The light reception section 843 receives 

20 the optical signal selectively outputted from the input switching 
section 842, and converts the received optical signal into a radio 
frequency signal . The level comparison section 844 detects a power 
intensity of the radio frequency signal obtained through conversion 
by the light reception section 843 , and compares the detected power 

25 intensity with a reference value stored therein. As a result of 
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comparison, if the detected power intensity is lower than the 
reference value, the level comparison section 844 instructs the 
control section 845 to switch the input switching section 842* 
Note that if the detected power intensity is higher than the 
5 reference value, the level comparison section 844 gives no 
instruction . The control section 845 switches the input switching 
section 842 in accordance with the instruction given by the level 
comparison section 844. The amplification section 846 receives 
the radio frequency signal obtained through conversion by the light 

10 reception section 843 , and amplifies the received radio frequency 
signal to a desired level. The amplified radio frequency signal 
is radiated into space from the antenna 847. 

In the above structure, the base station 81 is able to 
automatically select an optimum optical signal, i.e. , a radio 

15 frequency signal having a high signal intensity. Note that 
although the twelfth embodiment has been described with respect 
to a case where one amplification section 846 is provided between 
the light reception section 843 and the antenna 847, one or more 
amplification sections 846 can be provided both between the input 

20 switching section 842 and the light reception section 843 and 
between the light reception section 843 and the level comparison 
section 844. 

Note that each of the optical intensity modulation sections 
14, 44, 74 respectively described in the first, fifth, and ninth 
25 embodiments is realized by providing aMach-Zehnder interferometer 
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on a crystal having an electrooptic effect (e.g. , lithium niobate) . 

Further, the zero -dispersion wavelength of an optical fiber 
and the wavelength of a light source are not identical to each 
other. For example, it is conceivable to combine a 1.3 pm 
zero-dispersion optical fiber and a 1.55 \wi light source or to 
combine a 1 . 55 pm zero- dispersion optical fiber and al.3(jm light 
source. Recently, in particular, a broad wavelength band is 
considered for use in coarse wavelength- division multiplexing 
(CWDM) applications, and therefore there are a variety of possible 
combinations of the optical fiber and the light source, including 

combinations of an optical fiber and a light source which are 

■ 

intended for the same wavelength band. 

Furthermore , although the first through twelfth embodiments 
have been described with respect to downlink optical transmission 
from the control station to the base station, the present invention 
provides a similar effect in the case of uplink optical transmission 
from the base station to the control station. 

INDUSTRIAL APPLICABILITY 
The present invention is advantageous to, for example, a 
subcarrier optical transmission system in which a modulated radio 
frequency signal is optically transmitted, and is useful, in 
particular, in preventing a signal in a millimeter- wave band from 
being lost due to the influence of chromatic dispersion of the 
optical fiber. 
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